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NATIONAL ADVISORY COMiMITTEE FOR AERONAUTICS 
lOTORAiIDUH REPORT 
for the 

Bureau of Ordnance, Navy Department 
INVESTIGATION FOR THE DJilVELOPMFNT OF A HIGH-SPEED 
ANTIAIRCRAFT TOVv TARGET 
By Eugene ?ulgotsky 
SUTCvIARY 

An Investigation has been conducted at the NACA full- 
scale tunnel for the purpose of developing a target wiiich 
can be tov/ed satisfactorily at high speeds. 

Tlie teats ixncluded drag neasurenents and visual obser- 
vations of the sto.hility characteristics of several full-size 
and l/3-scale nodels of sleeve-type tow targets. A few 
tests v/ere also made to deterinine the stability character- 
istics of a rigid-type tow target* The effects of fabric 
porosity on the drag and*, stability characteristics of the 
targets v;ere investigated. Fins were added to soroe of the 
targets in an attempt to inprove their stability character- 
isticsc 

The drag coefficients obtained for the currently used 
targets were found to be excessively high. Reducing the 
fabric porosity reduced the drag but also decreased the sta- 
bility of the tar^gets. The addition of fins to sleeve-type 
targets did not provide satisfactory stability. In general, 
the English type target, which has a tall dianeter larger 



than the nose dlaneter and restricts the major portion of 
the air leakage to the blunt tail, v/as found to be the riost 
satisfactory of the sleeve-type tarrets. The rigid-type 
target, which has a much lo^'/er drap than any of the sleeve- 
type targets, should posses- satisfactory stability for 
high-speed towing. 

INTRCDTJCTIOM 

The tow targets currently used by the Ilavy have become 
inadequate for realistic antiaircraft training. These 
targets have an excessive drag which greatly reduces the 
speed of the towing airplane and imposes such high loads 
upon the existing towing equipment that satisfactory towing 
cannot be obtained at 'speeds greater than 150 miles per hour. 
In order to develop a high-speed antiaircraft target capable 
of being tov/ed in flight at 300 miles per hour indicated 
airspeed with suitable stability, an investigation was con- 
ducted at the request of the Bureau of Ordnance, llavy 
Department, in the NACA full-scale tunnel. 

A summary of previous experimental investigations of 
tow targets by the Navy Departm.enb is given in reference 1. 
The present investigation included drag measurer.ents and 
observations in the wind-tunnel of the flircht characteris- 
tics of several full-siae tow targets currently used by the 
Navy and of a full-size open-nose streamline target designed 
at the K.iAL. In addition, l/3-scale models of several 
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sleeve-t^rpe tov/ targets v;ere tested to establi.^]! the nerits 
of different target desi/ms. Fins of various sizes v/ere 
added to one of the designs to determine their effective-, 
ness in inproving the stability of the model. A tow- 
target design, consisting; of three plyv/ood fins tapering 
almost to a point at the nose, v/as also tested. A study , 
was made of the influ.ence of fe.bric porosit;/ on the dra,^^ and 
stability of tow targets of different shapes. Tests v/ere 
also conducted to deternlne the relative r.:e-rits of different 
tow-target fabrics that v/ere subrnitted to the LKAL by several 
manufacturers . 

To study the stability characteristics of a rigid tow 
target resembling an airship, a l/l6-scale model v/as tested 
in the NACA stability tunnel, and a 20-foot experimental 
target of this type was tested in the NACA 16-foot tunnel. 

APPARATUS AITD T^STS 

Full-size sleeve -type targets . - Pertinent dim.ensions 
of the full-size Ilavy tovr targets tested are given in 
table I. Figure 1 shows a sketch of the streamline target 
designed at the LI.iAL. This target was constructed frorx 
the fabric of a standard I.Iark XIV sleeve and had a rigid 
sheet-dural nose. 

The full-size targets were m^ounted in the :IACA full- 
scale tunnel by means of a l/S-inch aircraft control cable 
extending from the target bridle upstream 150 feet to a 



pulley at the turning vanes and then dovvnstream to .the air- 
plane support struts. The draf; of the tar-et v^as read 
directly on the v^ind-t;mnel arag balance. Photorraphs or 
two of these .targets in flight: in the- vand" tunnel are shov/n 
in figures 2 and 5. 

On£;-thirdj-scal e tow-tarp et modelso. - Drawinf%s are fiven 
in fip-ure 4 of the l/S-'^cale inodels v^hich were tested to 
determine the relative r.ierits of three basic touz-target 
shapes; nanely, the currently used cylindrical type, the 
streamline form, and the truncated-cone shape recently 
developed in England. These targets were constructed from 
airplane fabric. The bridle v/as fastened to a l/8-inch 
steel ring sev/ed into the nose of the sleeve. 

The balance designed for testing the l/3- scale models 
was placed on the side of the v/ind- tunnel center line so 
that the tests would not interfere with the wind-tunnel 
testing program. The models were towed'by means of a 
l/l6-inch aircraft control cable that extended upstream 
30 feet from the bridle of the target to a pulley . i-:ounted in 
the entrance cone and then 6.oym to a scale which raeasured 
the drag. 

Tests were made to determine the effects of the air 
leakage through the fabric on the drag and stability of 
several of the target m.odels . For these tests, the po- 
rosity of various sections of the fabric -^a^ reduced 



by bpushlnn; these portions of the fabric with li^ht motor 
oil. 

In an attempt to improve the stability characteristics 
of the streamline target (fig. U(b)), fins were added to the 
sleeve. These r-^odified sleeves are shown in figure3 5{a) 
and 5(b). A tow-target design, consisting of three plywood 
fins tapering almost to a.r)oint at the nose (fig. ^io)) ^ 
was also tested. Visual observations were made to study 
the stability characteristics of these targets, but no drag 
readings v/ere talcen. 

Various nod' fications (fig. 6) were made to an English 
t^rpe sleeve to determine the effects on the drag and sta- 
bility characteristics of the sleeve resulting from, minor 
changes in the basic geometric form such as the length of 
the sleeve, the shape of the tapered portion, and the size 
of the nose diam.etero To simulate the impervious fabric 
of the tapered section of the English target^, the tapered 
portion of these mxodels was oiled and the flat circular 
tail oiece was left dry. 

The m.odel shown in figure 6(c) was used for testing 
the relative r)orosity of the various fabrics. Samples 
of the m.aterials were submitted for testing and the 
manufacturers' designations for them are as follows: 
Standard ITavy tow-target cloth v/as used in the ilarl: XIV 
target and airplane fabric was used in the construction of 



- 6 - 

the 1/5-scale models. Hie target r-.r-ag v&s u3Gd as the 
criterion for corapaiison of the relative merits of the 
different fabrics suhmxtted. 

All the tests of the l/S-scale tow- target models were 
conducted at the IJACA full-scale tunnel at velocities from 
about 60 to 100 niles per hour. 

Rlgid-tovr- target design . - A drawing of a l/l6-scale 
rigid-tov;-target model, v/hich was constructed of balsa wood 
and tissue paper, is given in figure 7. In order to obtain 
static stability, the center of gravity v.'as moved forward 
(to a position about Co of the length from the nose) by 
placing weights in the nose. 

Tests to determine the stability characteristics of 
this m.odel were conducted at the NACA stability t'onnel, 
which is of the closed-throat type. The model v/as m.ounted 
in the wind tunnel by a fish line extending from the nose 
of the model about 10 feet upstream and attached to the upper 
wall of the tunnel throat. Visual observations of the flight 
of the m.odel were made through a glass panel in the test 
section. Tunnel speeds up to about 150 miles per hour 
v/ere used for these tests. 

Tests of a 2C-foot experimxental target of this type 
were conducted at the llACA 16-foot t'onnel. This target 
was constructed by the Navy and was geometrically similar to 
the model shov/n in figure 7. The location of the center 



- 7 - 



of gravity, hov/ever, was approxlraately 0.5 of the target 
length fron the nose. These tests \/ere nacTe to deternine 
whether the target was stable vjith this rear center-of- 
gravlty location. 

The target v;aa rnoiinted in the wind tunnel by neans of 
a 3/32-lnch aircraft control cable extending fron the 
target nose to the upper surface of the entrance cone. 
This setup is shown in figure 6 « Visual observations were 
made of the flight of the target at airspeeds up to about 
100 miles per hour. 

n^SULT^^^ A]\TD Discussion 

P u 1 1 - 3 1 z e 3 1 c e V e - 1 y p e targ ets. - The rieasured drags of 
the full-size Mavy torr targets tested have been plotted 
against indicated sea-level airsjoeed in figure 9 • These 
same results are sliown replotted in the form of drag coef- 
ficients in figure 10 v/here the drag coefficient, based on 
frontal area, Is defined as 

where 

D drag 

p air density (0.00238 slug per cubic foot at sea 

level) 

Vq free-stream velocity 
Sf maximum, frontal area 
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The drag coefficients vary between 1.15 and 1.48. for the 

range of test velocities, which is about in agreement with 

flight-test data. These values are about 10 tines higher 

than vjould be expected from skin friction alone t in fact, 

they exceed the value of the drag coefficient for a flat 

circular disk normal to the v/ind stream, v;hich is about 1.11 

(reference 2), The high drag of these targets is probably 

associated with the energy required to pw) the air through 

0 2 

the fabric. If the entire dynamic pressure -fe V ^ is lost 
forcing a volume '4 of air per second through bhe fabric, 
the resulting drag force is p:^V^ and the corresponding drag 
coefficient, SQ/V^Sf . For example, if the leakage quantity 
were such that the entrance velocity v/as one-half the free- 
stream velocity, the resultant contribution to the total' 
drag coefficient v/ould be 1.0. 

No drag m.easurements are presented for the streamline 
target designed at the L-:AL. In the first tests of this 
target it failed to inflate, except at the tail. The 
fabric behind the nose and over most of the length rer^ained 
wrinkled and contracted so that the passage through it v/as 
only about 1 square foot in cross section. h sketch of 
the peculiar shape taken by the target is given in figure 11. 
This shape results from the leakage of air through the fabric. 

In order to reduce the permeability of the fabric, it 
was soaked in water. V/hen tested, it inflated cor.pletely. 
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The - flight was very unsteady, hov/ever, being characterized 
by a snaking motion, especially tov;ard the tail, accon- 
panied by violent lateral oscillations of the target as a 
o v/hole. Due to these oscillations, no reliable drag 

vO 

^ readings could be taken; visual observations of the balance, 

however, indicated that the drag vjas about one-half to one- 
third that of the Hark XIV standard target. 

One-third-scale nodels. - The drag coefficients of 
the three basic tow-target shapes - cylindrical sleeve 
(Mark XIV), streanline sleeve with ring nose, and TLnglish 
low-drag sleeve - are given in figure 12 for the dry-fabric 
condition. These results Indicate that the latter two 
shapes are both superior to the !'::irk XIV. The drag coef- 
ficients obtained for the English low^drag sleeve were less 
than one-half the values obtained, for t}\e Hark XIV model. 

The effect of decreasing the fabric permeability pro- 
gressively from the nose to the tail on the drag coeffi- 
cient of the Ilark XIV model is shov/n in figure I5. At 
70 miles per hour the drag coefficient of the dry model 
was 1.2, whereas with seven-eighths of the sleeve oiled 
the drag coefficient Y/as reduced to C.8. V'ith this de- 
crease in drag there was an accompanying decrease in sta- 
bility. When the target was three -fourths (or more) wet, 
the oscillations were of such a nature that reliable drag 
readings could net be ta:cen at the higher airspeeds. 



-lo- 
in the oiled corid3„tion the treariline sleeve (fig. 4(b)) 
v/as unstable^ even at the lov/er wind-tunnel velocities. An 
attempt was made to correct this instability by adding tiiree- 
fln tall surfaces to the model. The small three-fin plywood 
tall (fig. 5(a)) pi'oved entirely inadequate. Although the 
larger three-fin tail (fig. 5(b)) was sorrev/hat more effective, 
it did not provide satisfactory stability. The failure of 
the fins to correct the instability is due • to the fact that 
any righting moment that the fins may produce is not trans- 
mitted through the nonrlgld fabric; consequently, the tall 
of the target retains Its snaking m.otion. The target model 
shown in figure 5(c), consisting of fins only, may be con- 
sidered as the limiting case resulting from increasing the 
fin area. The path described by this m.odel In flight was 
approximately a cone vrlth the pulley in the support strut 
as the apex. The peculiar nature of this flight may have 
been the result of a slight twist or masalinement of the 
fins and improper c enter-of -gravity location o 

The results of the tests of the English low-drag sleeve 
were m.ore satisfactory. Vfoen the fabric was dry, the drag 
coefficients v/ere about one-half the values obtained with 
the dry I-ark XIV model. The results of tests m:ade with the 
tapered section of the target oiled are shown in figure 
The draF coefficient of this target at the higher wind- 
tunnel speeds (about 100 miiles per hour) was 0.36 or about 
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28 percent of the drag of the dry Mark XTV raoclel at the SRme 
velocities. The stability of this model was nuch more 
satisfactory than any of the other m.odels tested in the 
oiled condition. At the lov^er airspeeds, the flight of 
the model was characterized by some tail shaking and lateral 
oscillations of the target as a v/hole. The m.otions, hov/- 
ever, ^"/ere hot of a violent nature • As the airspeed was 
increased, the lateral oscillations of the entire target 
almost disappeared and the tail shaking was materially re- 
duc e d . 

Since the area presented to the gunner by this target 

is sm.all in comparison to the orip:inal :!ark sleeve, 

several larger targets of the same general construction 

were tested to determine the effect of increasing the 

length of the sleeve while keeping the sam.e nose and tail 

these 

diameters constant. The results of /tests are shov/n in fig- 
ure 15. The change in dra,^ coefficient v/ith increasing 
length is small. At 100 miles per hour, the drag coeffi- 
cient of the 10-foot target is 0.02 greater than the corre- 
sponding value for the T^nglish low-drag sleeve 
(length = 4 feet 11 inches). This increase is negligible, 
however, when compared to the increase in side area pre- 
sented to the gunner. 

The results of tests made to deterriine the effects of 
changing the shape of the tapered portion and nose diameter 
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of the 6^-foot nodel of the Ilnglish type target are presented 
in figures l6 and I7 . Changing the shape of the tapered 
portion reduced the drag coefficient of the dry target about 
0.03 hut had little effect on, the drag of the oiled sleeves. 
Reducing the inlet opening reduced the drag coefficient of 
the sleeve by 0.05. This reduction In drag is due to the 
reduction in the quantity of air entering the sleeve, .v;hich 
results in a snaller quantity of air leaking out through the 

fabric . • 

In general, changing the length of the sleeve, the shape 
of the tapered section, and the nose dianeter had little 
effect on the stability characteristics of the English type 
target. Assuriing that the drag force remains essentially 
constant for sr.all displacements of the sleeve fror.- the 
neutral position, the restoring moment is a direct function 
of the xnonent arm of the 'irag force v/hich is a majcirrium when 
the drag is located at the tail of the tarret. 

Hie drag coefficients, based on riaxinuja frontal area, 
for the English t:;rpe sleeves ?:ade from the different fabrics 
are plotted against indicated uirspee;^. in figure I8. ITo 
results v/ere obtained for the rayon fabric A since its 
porosity yms too grec'.t and only a small portion at the 
rear of the sleeve was inflated. T]ie drag coefficients of 
the targets constructed of the other materials (fabrics 3, 
C, and D) varied bet^;;een O.h.Z and C.50, which indicates 
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that these fabrics have a Icyrer porosity than the airplane 
fabric used in previous tests which, in the dry condition, 
^ had a drag coefficient of O.60. Fabric C is slightly 

1^ superior to the others, Tlrie porosity of the target cloth 

used in the T.Iark XIV targets is about the same as that of 
the airplane fabric and Is much greater than the porosity • 
of fabrics C, and D. 

It should be noted that there ir.ay be some velocity 
effect on the porosity of the fabric, and the drag results 
may not apply exactly to a full-size target being towed at 
high speeds. Prom tests of various fabrics by MacLennan 
(reference 3), the quantity of air flowing. through the 
fabric increases v/ith pressure drop across the fabric at a 
different rate for different fabrics. It is believed, 
hov;ever, that t>ie relative merits of the fabrics as deter- 
mined by these tests should not be affected greatly by 
scale effect. 

Rigid tow-tarr.et design . - The use of a rigid, stream- 
line body, resembling an airship, foi' high-speed towing 
offers the advantages of much lower drag than the sleeve- 
type targets and stability through the use of fins. 

Tests of the l/l6-scale rigid-tow- target model (fig- 7) 
in the NACA stability tunnel showed that this model was very 
stable at all wind-tionnel speeds o As the airspeed increased 



the steadiness of the nodel also Increased and, at velocitle? 
over about 100 m.iles per hour, the Tiodel assumed an extreiriel^ 
steady attitude in the throat of the v;ind tunnel. IIo d.rag 
measurements of this model v^ere made* It is oelieved, how- 
ever, that the drag coefficient of the tarc;et, based on 
maxlm.um. crors-sectional ar^^a, is of the order of 0.09, wliich 
is about one-fifteenth that of the ^.m"-': XI'.^ sleeve. 

The 20-foot experimental target tested in the NACA 16- 
foot tujinel v/as found to be stable through the range of 
airspeeds tested (about 70 to 100 m.iles per hour) but ex- 
hibited a rotational tendency v/hich woun.d up the cables at- 
tached to the target. This v/as probably due to a slight 
twist in the tail surfaces and should not prove to be very 
serious. Since perfect alinement of the fins is difficult 
to obtain, it is suggested that an effective swivel be in- 
corporated in the desigi^. to compensate for the resulting 
rotation. 

The addition of fins to this type of target is neces- 
sary inasmuch as bodies of this shape are aero dynamically 
unstable. An analysis has been made of the fin area re- 
quired to obtain neutral stability for this type of target. 
The results of this analysis are presented in figure I9 as 
curves of total fin area required against target length for 
targets which are geom.e trically similar to the m.odel shov;n 
in figure 7. 



To estimate from figure I9 the fin area required for a 
target of given length and center-of-gravity location^ find 
the coinciding point of target length and center-of -P' ravity 
location and read to the left for the fin area. 

In order to obtain the fin area required for a target 
having a tail with aspect ratio other than 3 ,25, the correc- 
tion factor K can be applievd by using the relation 

St ^ K(5t)A - 3.25 
where S-^ is the total area of the four fins. 

Since these results provide for neutral staVjllity only 
and for a tov/ target of this type a fair degree of stability 
is desirable, it is. reconmended that the fin area obtained 
for neutral stability be multiplied by a factor of 1.5 to 2.0. 

Towing cable . - In presenting the drag results of the 
tow targets, no consideration has been given to the drag of 
the cable which nust be taken into acco-jrit when estimating 
the horsepov/er required to tow the target. This cable drag 
would be materially reduced if a lov;-drag target such as 
the rigid type xvere used v/hich permits the use of towlines 
of smaller size and less drag. 

Experience has shov/n that cable length is an im.portant 
factor in the stability of a tov/ed body, and an analysis by 
Glauert (reference 4) indicates that a short wire is a 
factor which tends to produce instability. No difficulty 
should be encountered with the long towlines used in practice. 
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CONCLUDI^TG REMARKS 

1. Th.e drag coefficients obtained for the full-si^e 
Navy tow targets were high and exceeded the value for a 
flat circular disk normal to the xvind .^trean* This high 
drag viae found to he due to high fabric porosityo 

2. A tow target of the English type, v/hich has a tail 
diameter larger than the nose diameter and restricts trie 
major portion of the air leakage to the blunt tall, has 
about one-quarter the drag coefficient of the standard 
cvlindrical sleeves and has adequate stability <, 

3. Reducing the pe-meabllltj of the fabrics reduced 
the drag of all the tarrrets tested but also decreased their 
stability. The stabil.1ty of the En.crlir*. tirr>e targets was 
leapt affected by reductions in the fabric porosity. The 
cylindrical and the streariline sleeves, however, v/ere '.in- 
stable when the fabric was inpervious. 

4. Conventional fins to improve the stability of 
fabric tarr'-ets are not effective due to the failure of the 
nonrlgld fabric to transnit the stabilizing loads to the 
body. 
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5. A rigid-type tow target, reser.ibling an airship, 
should have about one-fifteenth the drag of the.- Mark. XIV 
target and ,'nufflcient stability for towing at high speeds. 

Langley Hemorlal Aeronautical Laboratory, 

National Advi.^ory Coiranittee for Aeronautics, 
Langley Field, Vac, July 3, 1943. 
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Figure 1. - Sketch of fuU-«l»e etreamllne target designed at the LMAL. 



Figure 2.- Two views of the Mark-XIV (standard) tow target in the 

NACA full-scale tunnel. 



Figure 3.- Two views of the Mark-VH tow target in the NACA 

full-scale tunnel. 



(a) Cylmeirical sleeve. 
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(c) Sri^ltsh /iiu/'dr^ sU&^e. 



Pleure 4, - One-third scale models of the three' basic tow-target 
shapes. 
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(c) Three 'f 1*7 p/yt^oad ^ pcper target: 



Figure 5. - One-tMrd scale models of tow targets with fins. 
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Figure 6. - Modifications of. the English type tow tatget. 




Figure 8 • 



- Location of 20-foot rigid target In the LM/IL 16-foot tunnel. 
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Figure 11. 



- Shape of streamline target In flight I*" the NACA full-scale tunnel with 
fabric dry. 
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